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Abstract: [Objective] The contents of background chromium (Cr) and manganese (Mn) oxides in latosols are
high. The dissolution of Cr and subsequent oxidation of Cr(III) in the soils may occur to produce Cr(VI) with high
toxicity, thus, posing a threat to the surrounding environment and humans. Therefore, this study aimed to study
the dissolution of Cr and the oxidation of Cr(III) in latosols collected from Yunnan, Hainan, and Guangdong
Provinces to understand the ecological and environmental risks associated with chromium in latosols. [Method]
The dissolution of Cr was investigated using batch experiment , while both batch and incubation experiments were
used to investigate the oxidation of Cr(IIl) in the soils. The concentration of Cr in extractants was determined by
an atomic absorption spectrometer. Also, dithionite-citrate-bicarbonate (DCB) extraction and electron probe
scanning were used to examine the forms of Cr in the soils. [Result] The results of DCB extraction and electron
probe scanning showed that Cr in latosols was mainly combined with iron oxides and silicates. Acidification by
hydrochloric acid and complexation by citric acid promoted the dissolution of Cr from the soils. However, even in
1 mol-L"! hydrochloric acid, only 3.68% and 3.54% of total Cr was dissolved from the latosols of Hainan 3 and
Guangdong 9, respectively, suggesting that Cr in latosols is stable and presents a low environmental risk. The
oxidation of Cr(III) was observed in the soils during a 42-day incubation experiment. Based on the net production
of Mn(II), Cr(VI) content, and organic matter content, it is probable that the Cr(VI) generated in the soils might
be reduced to Cr(II) again by soil organic matter. The results of the batch experiment showed that the exogenous
Cr(IIT) was oxidized to Cr(VI) in the latosols with organic matters removed, and the amount of Cr(III) oxidized
was determined by the content of easily reducible Mn(I1I/IV) oxides in the soils. With the increase of suspension
pH, the oxidized amount of Cr(III) increased firstly, reached the largest amount at pH 4.5 and then decreased. At
this pH, only 1.48% of Cr(IlI) added was oxidized to Cr(VI). Although exogenous Cr(III) can be oxidized to Cr(VI)
by soil Mn(III/IV) oxides in the latosols, the percentage of Cr(IIl) oxidized to Cr(VI) in the latosols was small,
indicating that the risk of exogenous Cr(III) oxidization in the soils was very low. [ Conclusion] Despite the high
contents of background Cr and easily reducible Mn(III/IV) oxides in the latosols, the dissolution of Cr and
oxidation of Cr(IIT) were difficult. This shows that under the experimental conditions, it was not easy to convert
Cr(III) to Cr(VI) through oxidation reactions, therefore, the risk of background Cr in latosols is low.

Key words: Latosol; Background chromium; Dissolution of soil Cr; Cr(IlI) oxidation; Fe and Mn oxides
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ALY Cr(VD), 8N Cr ISR SR 10, H AT A 7T 32 28 b T AR S8 ™ 05t Cr(1ID)
MR RT, X sicbn 3R R S B S Cr (XD SR T FE AR B D

N T fE Cr FEREZLIE IR M ANEAL, ARSCHITTT T ANRIAR B AR SR R AT I X e £1 47
t Cr KITERAE L, AR IREHEORBE— DU Cr S BIRES, IR ZIETT T
AN Cr(IIDAERE LR P A . W TCE R ARSI 1) Cr RS PG 3R 2%

1 #RHS 57k

1.1 HIEMREMIBUL MRS

BRI 17 Mo 2 RERE, P 1 MREsMEEH, 6 FRE R S,
10 R BT ARE N8, ¥R W R B AbEAE M B R R E XA K E 4%
PEBESAAX . Rk TERENELEY G, W 0~20cm FIRE T, ARXT, B
60 H i £ FH o

2 1:2.5 K B4 H 3R, P%7% 30 min J5 A pH 11l 2 3% pH. i 1] B4R R
PAEALTRI E LI MRS B . % AR ERAN-FT 4 R - AR IR AV IR HE  (Dithionite—
citrate—bicarbonate, DCB) A T T3F =8k, 5. A, HEREEE AR
SHGE SO RER Pk, 5. BN S E. RABEEREEN E L3 S A& (Cation
exchange capacity, CEC) 31, FRHX 5.0 ¢ XFLF 500 mL =AM+, A 200 mL & 1
mol-L' BE IR AN 0.2%E Ml (pH 5.5) MIIRG MR8 5 18 R a4, B =R T
PRzl Sh, B0 B, HKIER FIRISOEREEN e SO IR . HF-HC104-HNO;
HAIRI IS Y, BT ARSI I Cr(VDDS), KR T IR RS VR s S G
B Cr A1 Cr(VDHI & &=
1.2 Cr BiAH 236

IEREUEEG 3 R 7R O PIFPRE LLAIET Cr IV H SE56 . FREL 0.5 g T 38FE & T S0 mL 11
BEEH, F oK 1:220 3 N FIR B ERER W (0.0024 0.004. 0.1, 0.2, 0.4,
0.6+ 0.8 1.0mol-L'") FIFFEFRIEM (1. 5. 105 50, 100 mmol-L ). 7 25°C FERIRY
24 h, PRGEEF G E B pH. IRAYILL 4 500 rmin! (R EL, EiEWGL 0.45 um JE
FEE L P K R T IR T SE VR 1R Cro BT FHAC BRI 2 RE R, MRYE 2 IREE M
SE R P AR U2 o
1.3 SBE NS Cr MENEEE Cr BIRE

Fi DCB V2 T 3R A L), IR SEEEMDLE AR Cro BRDIRIT: FRE
0.5 g LIRS T 50 mL B0, I10.3 mol L A7 24N 20 mL. 1 mol-L-! EARFEREN 2.5
mL, KEMME 80 C, N 0.5 g & WHFRE, AWHiH: 15min; TR E O TE,
FERUEET 100 mL FIF =+, 7EFRE A 10 mL 1 mol-L-! NaCl, #i#E35] 5 FHikE
OINE, EHRAEHERERT, ZPBER =K, REERE 100mL. i KIE R FIRIOE
BRI PG 1) Cro

2% Tessier 25 T G R BUEIIRH NI EA Cr FIRBUT R HIEG L A4 Cr, 78
& DCB 4B [FRE I 5 mL 30% H.02 R (pH 2.0), FE/KIEaH IIFAZE 85 °CH-4E
FF2hy PRI 5 mL 30% HOp W, 4RZEAE 85 cCKIBIATh AR ZE T, WHE, MAS
mL 3.2 mol-L' &L, ¥NIN 20% (V/V) FIRSER A S ARFR N 20 mL, #%3% 30 min. i
VB G WE, IERIREET 25 mL HEM P e R . KGR PRI e
H] Cr.
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S I 15s, Ko ZHETEC TR,
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SPRFRELT AR 6 AR 10 RELLIERES 90 g THedfdr, i1 9 mL 200 mmol-L ()
Cr(NO3)s VB, M 4ME Cr(I)ik A F] 20 mmol-kg e PLAIN Cr(IID) AL FE A5 R, 258
FKAT HIESIKE R 30%, JREGAE 25°C MEIRES TR, 40I7E 1. 3. 7. 14, 28, 42d
A, BRI AL Cr(VI), 0.1 mol-L! CaCl #2HX Mn(I). FH —ZKEREE — fHF Lok
ME PR Cr(VD & &, KIEJEF RSO G2 E JE R Mn(D) & &

XIT7ZR 6 R 7R 10 AELLIEHEAT BERA NS AL EE, FREXZ) 50 g H4F, IMAZ) 100 mL 1)
30% Hy05, TEAKIBEATININE 85 CHYEFF R KT, ZPTWER 3 K. K H0, 1+
B IEAE TP IRIR (40°C) JET BB, i 60 Hf. BREFTAR 6 FITTAR 10 RELLEA MRS
B39 23.75 A1 30.51 g'kg! BN 5.73 F1 4.84 gkg .

KA —UCPETEE A Cr(INTE LA WU A3 b S Fe b . HERRFREN LR 135 0.5
g, FZLWREE 1:40 I 1 mmol-L' 1) Cr(NOs)s i, HH &4 0.05 mol-L! 1] NaAc 1E N
pH 22 P77 DAGERS S Nt R rp pH FEAE E 07, il ] HNOs Al NaOH ¥ 40 51K B it pH
WA 4.00 4.5, 5.0, 5.5 f16.0. BT 25 CHIMEHEIRIRY 12h f5lE pH, S5¥]4E pH
18 2 A HIAE £0.1 DL o K IR DA 4 500 rrmin! L, IR EIERIGE TR E
b BRI P IKEEA 0.1 mol-L-! ) KaHPO4-KH2PO4 (pH 6.5) $REUR, 4k4EIR 12
h, fR SR E AR BB Cr(VI)FT Mn(IT). E3R SO a3 0.45 pm AR, JEREHT Lid
BRI 70 2RRRIE G A KO IR SO BRI e W Cr(VI AT Mn(1T)
f 2o S B SRR S A 206, o Cr(NOs)s VEUE e N 2 B8 17K, H AL IR .
IR Cr(TID AL FE () 45 AN 25 AL FL G 245 BB A Cr(VI) A Mn(ID){$ 7= 4= & .

) L BRA NS 2R 6 7R 10 RE 203 rh 23 I m 0. 0.2, 0.4, 0.8 F1 1.0 gkg! 6
SETE MnO, (EZGEEH], Hifg), WFFtamoMREEX L8 Cr(IIDE LA AR5 . S
bR S EIR LA YURFEL T Cr(UIDE LA S B E, Bl pH #E N 4.5,

B A SCae A BRI E 2 IRE S, FFIMA—FbRdERE S (GBWO07405) #EAT i 2421,
THE 2 KE AR AT A 22
1.6 it o th

FIH SPSS 26.0 Al EXCEL 2016 #4755 50 #r Fl R 2 41 .
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2.1 RRLTIRIB AL M R
RAEM) 17 MRELLIEFEAME R 5 T2 1 . 13 pH N 4.77~6.73, Bk ERetE, %
AP A BN 10.39 ~ 33.06 g-kg!, CEC &8N 62.70 ~ 168.56 mmol-kg'. 3 &% 1k
By TR A LAR RN B AL AR A B HITE 91.04~170.59. 10.11~24.19. 0.93 ~7.95 g'kg"
VYR N . FELLIGE D) IR JE AR K A A 0.15~4.36 gkg ! 2], ML T HiAt S 4 dge ik 41 4
G385 & e m T A 17 FiE LS Cr 5 EAE 1.56 ~ 13.17 mmolkg! J [l A
(R Do BREFERELIESS, | RAIER I 16 Bk 280 Cr &= L 5er s i &R
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Hhy 398 e KU P hRitE (GB15618—2018) A il RS i IE(E (2.88 mmolkg™), TiH
X 16 PB4 Cr M St & M. 1 17 Pt 208 Co(VD AR Cr ¥Rk, BB
SRR Cr FELL Cr(IDAELE, I B LA LLFE B S,

® 11T HZRELBRORNER MR

Table 1 Basic physicochemical properties of 17 latosols

TR ool BTN W RO, WA ALO, BB M0 PLEMT gcr
igﬁ;ﬂg}g Soil pH matter/ (fm?l:jl(s/'l) Fre(e _111625;3/ Freze ilz%;/ Freze'll\(ﬂr?l())/ reducible Mn/ (r?r:?;l-(l:(r/")
(ekg) g gkg gkg gKg (g-kg™) g

=1 5.30 16.88 107.21 170.59 16.11 1.62 0.56 1.56
15 1 4.86 22.97 97.78 150.51 23.23 1.62 0.48 8.85
T 2 4.93 12.08 75.95 138.73 17.03 145 0.26 5.40
3 5.71 15.65 115.40 128.36 14.37 3.80 1.74 9.98
1 4 527 23.72 133.39 91.04 10.11 1.98 0.62 6.03
w5 477 23.97 62.70 129.41 13.61 0.93 0.15 451
HEE 6 534 19.51 144.60 126.70 22.74 3.26 1.31 9.73
"R 4.81 27.20 107.43 112.58 24.19 129 0.38 472
&2 5.76 12.68 101.00 121.50 13.38 2.07 0.76 5.84
J7H3 5.70 14.71 127.10 111.33 12.27 1.85 0.65 9.10
I HR4 5.93 33.06 83.40 127.82 11.06 2.51 1.08 6.06
%S 6.62 14.54 168.56 133.16 11.69 7.95 436 11.54
J"% 6 6.36 30.51 167.24 114.88 10.92 2.78 1.52 13.17
"R 7 5.97 10.39 135.09 126.58 12.63 2.20 0.97 6.08
J7H 8 6.73 21.09 136.56 129.64 13.13 2.16 0.62 5.50
"9 6.52 21.05 136.41 129.47 13.25 221 0.61 3.99
J"% 10 5.15 23.75 135.68 135.59 12.52 2.13 0.59 5.94

M= ®, Yunnan; P4 Hainan; |4, Guangdong.

2.2 FELIIEHR Cr NEETRES

N TR ALY Cr S GRS, &4 7 5 e Cr BB FEIIELAE (X8 1.
3. MR 4. TR 6 IR 9, fiH DCB VA HaO0 7243 MR HLE LIRS A A
PMEs& 1 Cr, SR WNE 1 fis. 5 At DCB #2288 Cr &40 75 LA Cr &1
35.30%-. 26.04%. 37.04%. 17.43%F142.98%, S5HIEL Cr SEEEMKL (r=0.65, P<
0.05). HHLEEAZ Cr 05 5B Cr S EM 4.76% 11.51%. 5.20%. 5.38%F1 16.42%, 5
TS Cr FEMAEAEE.

Bl 1 R R AT SR ENNGEEE Cr g Cr WHEIEGFERS. & Cr
TEREMNTTR 6 RELAIERAT R T RE T, SRER, Cr 5 Fe MFHRMERL (E 2),
KRR Cr 5 Fe 258 5% . TABETURIL, B0 (8RR MW 2T
REELIET Cr PR BEAAERESNW, Ot F - aMin, - HEXI RS Crl 584
0 W de ks TR ) Fed R AR R SR B e, EANBEEAIT . B 2 25 RIER Y], rearsgEh
EH - EERNSSRENYE SR Ti, #7) Cr 5 &80 Y45 E . X5 Soubrand-Colin 5
MR FE R M0L,  HAT i PR a5 IR B K ulE K a2 28 i b T 5 Cr 1943
EE, WAlEeE Cr KEAZ —. Ak, FEMECA K E LM X EUA K & A 2035 o
BB CoO B BT R i) AP, BENZRE YDA, S SR e A R st
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Fig. 1 Contents of Cr in latosols of Yunnan 1, Hainan 3, Hainan 4, Guangdong 6 and Guangdong 9 extracted by DCB and
HzOz
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Fig. 2 Mappings of interesting elements obtained by EPMA in the latosol of Guangdong 6 (COMPO: backscattered
component, Ave: average)
3 ENR/ATIEREXTRELTIE S Cr AR IRIER
IEREHFEEG 3 FIJAR 9 PR Cr & 8 22 R UK A% 23R 78 HAE A [V BE 1 £ B A AT A5
B A AR I S, BRI Cr IV RS, &5 5l 3 Fos. RS 3 1 Cr 5w, 1HAR
M Cr SEak EET R 9. BEESBIKERM, Wi tiES Cr E@vaﬁﬁ%ﬂa 4.82 1
6.67 pumol-kg"! 737 ETHZE 367.63 Al 141.22 pmolkg”, Cr EMEENINEZEHRT Cr KR
WARERI TS . BAR LIS Cr B &R, (HRME 1 mol- L' HCI 5 148 . 24 h, Cr K%
ﬁﬁ B IR Cr SR 3.68% 3.54%. EAREEH, 3 pH IEHE 4.0 LB, M
B2 Sn] LU HEIX — pH 25 1F F, 2 R -3 Cr (78 B & 3 9904 4.82 1 7.50 pmol-kg
L B Cr R 0.05%F1 0.19%.
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5 240 13 E
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Bl 3 AR S BRI TAR BR AL P J5 ¥ T 3 AT 7R 9 403 b Cr (3 &0 BB pH
Fig. 3 Content of Cr and supernatant pH in latosols of Hainan 3 and Guangdong 9 extracted by hydrochloric acid and citric

acid with various concentrations

ANFER B AT AR R S50 5 3 RN 7R 9 WE£1IBAE S Cr (¥ i i il 2.16 A1 2.72 pmolkg”
' EFFEE 27.25 F118.73 pumolkg! (E 3). fEAFEIRIA R 3% Cr FRRA/EH R RRIA RS
SEMRILFEER MR, T ERYIGIRE N S mmol L I, IR pH £1°8 4.0, It
IR 3 TR 9 PIRRAE 2135 Cr MV H & 73 78 5.43 F14.71 pmolkg !, A H EHIER
Ko HIFENEE EERE TR R0 W, HIEENI A YACH, Hk FEE H R
i, £ 0~ 1 mmol-L! VG AR,

1458 Cr fETCHLER G MUIR A A 225 SR U ARG 21388 R 75 557t Cr BV HE XU ARAG, 3232
JRFRIXLE Cr FEELL Cr(UDAFEE T HIBEA T, 5 SRR SR 4 2 B Hh 45 5 78
—itg, RAEEIRE.

2.4 SNR Cr(INTERELIER IR AR 1L

WE LA B & B i, AFAEXT Cr(II) A A R A A RIS R B S i Cr(VI R
o M T PR G0 IR AR B B RO R 6 IR 10 RE LR ST Cr(IID7E LI
FIEAMIA . N Cr(I) B3 61577 42 d BATA] Cr B9 E A Ma(ID) )75 AR e an P 4 B
TNe Cr(VI)A BB Fif A 55 7R [R] (3G i 3 n, Ui BHAMEAR IR Cr(ID)AE B3Rk A T
EAL B, Mn(ID AR B B 3 S AR 2 T 2 Cr(ID)A A EE AT . 2 Cr(VD)
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TES7ZR 6 M7 7R 10 i 4038 i s Cr(VDiF = A2 AN &7 Cr(IDER & 0.31%F1 0.87%,
A Cr(II) 7EA% 2138 A AL L AL AR ME R A o

PR 2 Pk arsgerh Cr(ID MRl Sk BT 2R 10 fe 2L rh = A2/ Cr(VDm T
6 WG4, HiX 2 PG IEEE S EA/MER (R D, 5B Ma(IDI) =4 =1
KONIGFFAHS . FEEJF RS R 10 FELLIEA N & & (3051 gkg?) w7 7R 6 WG4
(23.75 gkg!), AAEERN AL AR Cr(VI) B A R B Cr(IID) 3 [ 2 75 -3

o
o

—— 76 Guangdong 6
—B— ) 7310 Guangdong 10

o
3]

0.16

=
B

B
: :
£ £ 04
50.12 i »§
W £ & 503
=1 =3
=£008 =%
- S2o02¢
O o 8
£0.04 S o1 |
5 s
“ 0 1 1 1 ) 0 1 1 )
0 9 18 27 36 45 0 9 18 27 36 45
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Bl 4 FifieL 203 Cr(VI) & R Mn(1D)1% 7= A= 5 RE I 8 ) 284k
Fig. 4 Contents of Cr(VI) and net production of Mn(Il) in latosols during a 42-day incubation

R A LT CrISA ALz, 3T T AR AU AR, SRIERA—
UCPATER AT Cr(IDPE R IER 5Ek . —CPERE S R K 5 fios. Bk E, 7&K 6
RELLIEH Cr(VD A Mn(ID &= A8 T 4R 10, 5 B3 500 5 & K /h—3. X
—gE R P U, A LT AT LOR S AR BRI Cr(VI A RN Cr(TIT) . B [ M. pH
f_ETE, Cr(I) AL B2t hnjE R . Cr(ID%EAL RN Cr(VI)F&—AN =4 HA i 2

Cr¥*+ 1.5 MnOs(s) + H,O — HCrO4+ 1.5 Mn?"+ H*
Cr¥*+ 1.5 MnOs(s) + H,0 —CrO4*+ 1.5 Mn?*+ 2H*

Hig b, pH EFAE R TSNS B IEREEAT . 2800, Cr(IDfE pHA~3 B 453 W1
VE, BEE pH FFHE S, Cr())LF 58 A PIEfE LR, HHRAKRY, A5 5y E A
AN N, F A=A Cr(VDBER R pH i — DT 23R B A2,

[ RBRAE LT 2 PR3 i in N L& I MnO,, #RJ5 4T Cr(lIDSE LS 10 5K
¥, ZEBRWE 6 . 2 g Cr(VDA Mn(ID) 748 51 54MERINE MnO, & &
B IEMK (P<0.05), #— DUk 3518 5 52 Cr(ID 3 EE . 4ME Cr(IID
ININEAN 40 mmol-kg™!, AN 1 g-kg! i MnO, i, BFES 21338 A B Cr(TID) AL A2 B Cr(VT)
538 2.42 A1 1.13 mmol kg™, Cr(IID)%E AL &AL & Cr(IIDER N &R 6.05%F1 2.83%, #H—H
ULRHRE 2T R Cr(IIDAS 5 R A B AL A . IR, MO, Al Cr(II A 2 B AN 2 520 Cr(TID &AL
AR EERZR, CrI)AEALFAL FE E g T Cr(I7E 3 b g pED 1,
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Fig 5 Effect of equilibrium solution pH on oxidation of Cr(III) in latosols with organic matters removed
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Fig. 6 Effect of adding MnO, on oxidation of Cr(Ill) in latosols with organic matters removed
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